Comparisons were made between transformed S49 T-lymphoma cells and normal murine thymocytes in their polyphosphoinositides, inositol polyphosphates and cytosolic free calcium concentrations ([Ca2+] 
INTRODUCTION
Normal growth-arrested eukaryotic cells, including thymocytes and Swiss 3T3 fibroblasts, respond to stimulation by some mitogens with a rapid breakdown in phosphatidylinositol 4,5-bisphosphate (PtdInsP2) and a sequential increase in the cytosolic free calcium concentration ([Ca2"],) and the cytosolic pH [1] . It has been proposed that the two signals generated by PtdInsP2 breakdown, a rise in [Ca2+] i through the release of inositol 1,4,5-trisphosphate (InsP3) and activation of protein kinase C by diacylglycerol, act synergistically to initiate the mitogenic pathway and drive the cells through to DNA synthesis [2] . However, an analysis of the activation of murine thymocytes by the polyclonal mitogen concanavalin A (Con A) strongly implied that mitogenic signals in addition to those generated by PtdInsP2 breakdown were required for progression to S phase [3] . Although the 'dual signal' hypothesis is very probably an over-simplification, it remains likely that the PtdInsP2 breakdown activated by the receptors for Con A is necessary, if not sufficient, to activate the mitogenic pathway by this mitogen. Perturbations of polyphosphoinositide metabolism and the PtdInsP2 response to mitogenic stimulation are therefore potential mechanisms for oncogenic transformation, as suggested by evidence from fibroblasts transformed by ras oncogenes [4] [5] [6] .
Here we have used the S49 lymphoma cell line as a transformed counterpart of murine thymocytes. The S49 cells are of mouse T-cell origin, are tumorigenic when injected into mice and grow indefinitely in suspension culture [7] , where they require stimulation by serum or components of a complex defined medium to proliferate [8] . The S49 cells are similar to normal thymocytes in that their growth is inhibited by a sustained increase in cyclic AMP [9, 10] , but differ from their normal counterparts in that Con A does not stimulate DNA synthesis [111 Indeed, their growth is inhibited by relatively high concentrations of Con A [11] that are also supramitogenic for murine thymocytes [10] . In general, comparisons of the early responses to growth factors and mitogens in normal cells with their transformed counterparts remain poorly characterized, although such comparisons are relevant to the mechanism of autocrine stimulation of the growth of some transformed cells [12, 13] . To [14] . Thymocytes from BALB/c mice were prepared and loaded with quin2 as described previously [15] .
Fluorescence measurements and calibration of the fluorescence signal
The fluorescence measurements and calibrations were carried out as described previously [15] [19] } and incubated for 16 h in a humidified atmosphere of CO2/air (1:19 The above assay was compared with an extraction procedure using trichloroacetic acid and acidified chloroform/methanol. Samples extracted by either method were deacylated and products separated as described above. A similar amount of 3H-labelled chloroformsoluble material was extracted by either procedure, but with the trichloroacetic acid method 22 % of the 3H label was recovered in the fraction eluted by water, which, in the method of Berridge [22] , is used to remove a small amount of free inositol (about 3 % of the total label in our experiments). This 22 % of 3H label was unidentified, and, because of this anomalous behaviour of the watersoluble deacylation products after trichloroacetic acid extraction, the method of Berridge [22] was used. This gave reproducible results, although the proportion of the phosphoinositides extracted is not defined. We note that problems with using trichloroacetic acid for termination have been found in phosphoinositide extraction from yeast [23] and in the assay of methylated phospholipid from lymphocytes [24] . For experiments with thymocytes, the cells were labelled with [3H]inositol as described previously [25] , and the phosphoinositides were assayed as described above. Assay of phosphoinositide breakdown S49-cell incubations (0.5 ml) were terminated with 1.88 ml of chloroform/methanol (1:2, v/v) and the inositol phosphates were assayed as described previously [19, 22] Zn2") that quench fluorescence and have a higher affinity for the indicator than has Ca2l [15] . Quenching of quin2 fluorescence by M`ions to give very low apparent
[Ca2+], values (< 40 nM) has been reported for Ehrlich ascites-tumour cells [26] , and the 19F-n.m.r. Ca2l indicator, 5FBAPTA, revealed a significant amount of Zn2+ in these cells [27] . 5FBAPTA measurements, which are unaffected by the presence of Zn2+, showed [Ca2+] to be approx. 100 nM in the Ehrlich ascites-tumour cells [27] , and taken with the present data for S49 cells this suggests that an altered [Ca2+]1 is not a general characteristic of transformed cells.
Con A-induced [Ca2+jj responses
For most experiments S49 cells were loaded with approx. 1.0 mM-quin2, which had no effect on the cellular ATP concentration of 6.3 mm, but which blocked cell growth for approx. 17 h before the normal growth rate was resumed (Fig. 1) . All of the [Ca2+], responses to Con A and other agents described below were therefore examined at a lower intracellular [quin2] of approx. 0.3mm, which had no effect on cell growth. Similar
[Ca2+], responses over 15 min were obtained at both intracellular [quin2] values, but the higher of these was used routinely to obtain an improved signal-to-noise ratio.
Con A (5 ,ltg/ml) caused an increase in fluorescence from quin2-loaded S49 cells (Fig. 2a) , but had no effect on autofluorescence in unloaded cells. The response corresponded to an increase in [Ca2+]1 from 88 + 3 nm in unstimulated cells to 133 + 5 nm (S.E.M., n = 41) after the addition of Con A (Fig. 2b) Con A is able to activate the receptors through which the [Ca2"], response is generated. Fig. 3 Fig. 4 (Fig. 5 ). This may be contrasted with the responses reported previously for mouse thymocytes [25] , in which, after an initial decrease in the amount of PtdInsP2, there was a net increase in the phosphorylation of the phosphoinositides in response to Con A (Fig. 5) . The two types of cell also differed in their responses to 10 nM-TPA or 100 nM-A23187, which both stimulate net phosphorylation of the phosphoinositides in mouse thymocytes [25] [35] . Fig. 6(b) also shows the initial increase in the amount of total inositol phosphates, which is much smaller (10-fold at 15 min) than in thymocytes [25] . This precluded analysis of the InsP3 isomers or of whether PtdInsP2 was the only phosphoinositide initially hydrolysed. However, the accumulation of InsP3 and the concomitant decrease in PtdInsP2, with no change in the amounts of PtdInsP or Ptdlns, described above (see Fig.  5 ) is consistent with a small activation of PtdInsP2 phosphodiesterase by the Con A receptors. Furthermore, the decrease in PtdInsP2 at 15 min (339 d.p.m./106 cells) was comparable with the corresponding increase in total inositol phosphates (227 d.p.m./106 cells), suggesting that all of the inositol'phosphates were derived from PtdInsP2. The data for S49 cells therefore differ significantly from those for thymocytes stimulated by Con A, where there is substantial and rapid resynthesis of PtdInsP2 to account for the amounts of inositol phosphates released [25] . The simplest explanation of the data is that exponential-phase S49 cells grown in serum are already stimulated to synthesize PtdInsP2 at the maximal net rate of which the cells are 
